Opioid rotation has been proposed for management of cancer pain. No studies directly investigating dose equivalence between morphine injection (continuous IV administration) and the transdermal fentanyl patch have been reported. Therefore, we examined dose conversion ratios in patients undergoing opioid rotation from morphine injection to fentanyl patches. The subjects consisted of 45 patients admitted to Kitasato University East Hospital. Medical records were consulted to determine the``basic dose of morphine injection immediately prior to rotation'' and the``basic dose of fentanyl patch after rotation''. Equivalent doses and conversion ratios obtained with the expression of (daily dose of morphine injection (mg)/daily delivered dose of fentanyl patch (mg)) were determined from the relationship between the data by regression analysis. The regression equation obtained was Y＝50.882X-13.96, r 2 ＝0.8922, where X and Y are daily doses of morphine injection and fentanyl patch, respectively. Equivalent doses and conversion ratios for daily dose of morphine injection (mg): daily delivered dose of fentanyl patch (mg) (patch dose mg/3 days) were 16.6 mg: 0.6 mg (2.5 mg)＝28：1, 47.1 mg: 1.2 mg (5 mg) ＝ 39：1 and 169.2 mg： 3.6 mg (15 mg)＝47：1. In other reports, the ratio of morphine vs. fentanyl at 50：1 had no relation to the dose. While the present study suggested that in opioid rotation from low dose, 50：1 is not enough for the fentanyl patch. The dose conversion ratio of morphine injection to fentanyl patch was diŠerent at the low doses and high doses of morphine.
INTRODUCTION
The concept of``opioid rotation'', is deˆned as`W hen pain is relieved inadequately by opioid analgesics given in a dose that causes intolerable side eŠects despite routine measures to control them, treatment with the same opioid by an alternative route or with an alternative opioid administered by the same route should be considered''. 1, 2) Whereas cancer pain has long been treated with multiple opioids outside of Japan, morphine has been the only strong opioid available for use for cancer pain in Japan until recently. However, the options for strong opioids in Japan were increased with the marketing of the fentanyl patch in 2002 and the controlled-release oxycodone hydrochloride tablet in 2003, the expansion of the indications for fentanyl citrate injection in 2004, and the marketing of oxycodone hydrochloride powder in 2006. This increase in the opioids available to treat cancer pain in Japan has also been accompanied by an increase in opioid rotation. 2, 3) In opioid rotation, the use of alternative opioids, dosage forms, and routes require that dose be adjusted for equianalgesic eŠect between opioid preparations. Dose conversion between opioid preparations is therefore essential, and a number of studies on dose conversion ratios between preparations have been published. 4 12) No studies directly investigating dose equivalency in opioid rotation with morphine hydrochloride injection given through continuous intravenous administration (hereafter, morphine injection (continuous IV administration)), which is commonly overused in clinical practice, and the transdermal fentanyl patch (hereafter, fentanyl patch) have, however, been published. We therefore investigated the dose conversion ratio in patients undergoing opioid rotation from morphine injection (continuous IV administration) to fentanyl patch and found a diŠerence in the dose conversion ratio at low and high doses.
METHODS

Eligible Patients
Eligible patients included those with digestive system cancer undergoing opioid rotation from morphine injection (continuous IV administration) to fentanyl patch in the Gastrointestinal Unit of Kitasato University East Hospital from October 2003 to October 2008 who were on a stable dose of fentanyl patch within 10 days of rotation and experienced a diŠerence of one or less in number of rescue doses required for pre-and post-rotation for three consecutive days. Patients requiring four or more rescue doses per day were excluded, and patients with biochemical test values corresponding to grade 3 or higher in``Common Terminology Criteria for Adverse Events (CTCAE)'' were excluded to minimize the impact of pharmacokinetic variability on dose conversion ratios. This study was approved by Kitasato University Medical Ethics Committee.
Parameters Studied Basic patient information (age, sex, weight, and diagnosis), values of biochemical parameters indicative of hepatic and renal function measured immediately prior to opioid rotation (total protein, serum albumin, total bilirubin, direct bilirubin, AST, ALT, BUN, serum creatinine) and purpose of opioid rotation were obtained from the patient medical records. Parameters related to opioid usage consisted of the daily dose of morphine injection (continuous IV administration) from immediately prior to rotation to 10 days after rotation (base prescribed dose), 3-day fentanyl patch dose (base patch dose), and the number of rescue doses per day. The daily delivered dose (base delivered dose) was then calculated from the base fentanyl patch dose based on the guideline in the package insert``fentanyl patch dose of 2.5 mg/3 days ＝ fentanyl patch delivered dose of 0.6 mg/day''. 13) Method of Determining Dose Conversion Ratios
Equivalent doses and conversion ratios were calculated for eligible patients by regression line analysis from the relationship between the``base prescribed dose of morphine injection (continuous IV administration) immediately prior to opioid rotation'' and the``base fentanyl patch delivered dose after opioid rotation''. The statistical analysis software SPSS 12.0 J for Windowswas used for statistical computation.
RESULTS
A total of 51 subjects underwent opioid rotation from morphine injection (continuous IV administration) to fentanyl patch during the term of the investigation. Of these, six were excluded for grade 3 or higher values in biochemical parameters indicative of hepatic or renal function, leaving 45 eligible subjects.
The underlying diseases of the eligible subjects were: gastric cancer in 16 subjects, colorectal cancer in 10 subjects, pancreatic cancer in 8 subjects, anal canal cancer in 2 subjects, esophageal cancer in 3 subjects, bile duct cancer in 5 subjects, and hepatocellular carcinoma in 1 subject. The subjects included 28 males and 17 females with an age of 65.0±12.4 years, 35 to 87 years (mean±S.D., min to max) and weight of 47.1±8.2 kg, 32.9 to 73.7 kg. The purpose of opioid rotation was``discharge'' in 37 subjects,`a voidance of adverse eŠect'' in 6 subjects,``reduction of ‰uid volume'' in 1 subject, and``removal of peripheral line'' in 1 subject, and all of the subjects achieved good pain control. The dose of morphine injection (continuous IV administration) prior to rotation was 60.7±55.4 mg, 10 to 200 mg, and the fentanyl patch dose and fentanyl patch delivered dose after rotation were 6.1±4.3 mg 2.5 to 17.5 mg and 1.5 ±1.0 mg, 0.6 to 4.2 mg respectively.
The relationship between the base prescribed dose of morphine injection (continuous IV administration) prior to rotation and the fentanyl patch delivered dose after rotation is shown in Fig. 1 . Analysis yielded a regression equation of Y＝50.882X-13.96, r 2 ＝0.8922, where X and Y are daily doses of morphine injection and fentanyl patch, respectively, indicating a very strong correlation. The equivalent doses and conversion ratios calculated from the regression equation are shown in Table 1 .
The equivalent doses and conversion ratios in opioid rotation from morphine injection (continuous IV administration) to fentanyl patch in terms of base morphine injection (continuous IV administration) prescribed dose/base fentanyl patch delivered dose (base patch dose) were 16.6 mg：0.6 mg (2.5 mg)＝ 28：1, 47.1 mg：1.2 mg (5 mg)＝39：1, 77.6 mg： 1.8 mg (7.5 mg)＝43：1, and 169.2 mg：3.6 mg (15 mg)＝47：1.
Non-opioid analgesics were concurrently administered in 27 subjects (63.0％)： NSAIDs in 23, carbamazepine in 1, chlorpromazine hydrochloride in 
DISCUSSION
Two studies on the dose conversion ratio between the fentanyl patch and morphine preparations have been published. Kato et al. calculated the conversion ratio from the regression equation obtained from the daily oral morphine dose prior to rotation and daily fentanyl patch delivered dose in subjects undergoing opioid rotation from oral morphine to fentanyl patch (r 2 ＝0.686), reporting a daily oral morphine dose/ daily fentanyl patch delivered dose ratio of 78：1. 4) Donner et al. similarly reported a daily oral morphine dose/daily fentanyl patch delivered dose ratio of 70： 1 from the regression equation obtained from subjects undergoing opioid rotation from oral morphine to fentanyl patch (r 2 ＝0.827), concluding that a 100：1 ratio was appropriate with allowance of a safety margin. 5) The U.S. package insert for the fentanyl patch gives a somewhat higher dose conversion ratio of 150：1 for oral morphine and the fentanyl patch, 11) but does not state how this ratio was derived. Whereas the publications discussed above have investigated dose conversion ratios in subjects undergoing opioid rotation from oral morphine to fentanyl patch, there are no published studies in subjects undergoing opioid rotation from morphine injection (continuous IV administration) to fentanyl patch.
Injectables are frequently overused in the management of cancer pain in in-patients, because they allow for easy dose adjustment and provide a rapid analgesic eŠect.
Given the lack of published studies, the method currently used for dose conversion between morphine injection (continuous IV administration) and the fentanyl patch consists of use of two conversion ratios between oral morphine and the fentanyl patch and between oral morphine and morphine injection (continuous IV administration). In short, the conversion ratio of 50：1 between morphine injection (continuous IV administration) and the fentanyl patch routinely used in clinical practice is calculated from the 150：1 conversion ratio between oral morphine and the fentanyl patch given in the fentanyl patch package insert and a 3：1 conversion ratio between oral morphine and morphine injection (continuous IV administration).
However, the absolute bioavailability of morphine (F) varies from approximately 20 to 40％. 10) This is because the hepatic extraction rate (Eh) of morphine is 1.3 based on the morphine pharmacokinetic parameters of unchanged drug urinary excretion rate (Ae) of 8％, 14) systemic clearance (CL) of 1050 ml/ min, 14) and distribution volume (Vd) of 1.1 l/kg to 5.3 l/kg, 15, 16) indicating a dependence on hepatic metabolism and blood ‰ow. To estimate blood concentration variability, then, total blood concentration during oral administration is determined through Cpss＝(Fa･D/t)/(fuB･CLintH), with blood concentrations increasing with reduced hepatic clearance (CLintH) from degeneration of hepatic parenchymal cells (reduced liver function, including increased AST and ALT). Total blood concentration during con-tinuous IV administration is determined through Cpss ＝Rinf/Qh, with hepatic blood ‰ow, while CLintH is not the determining factor in blood concentration variability. In addition, during continuous IV administration, all of the administered drug passes into general circulation. Therefore, reduced CLintH greatly aŠects the amount of drug that passes into circulation, resulting in individual diŠerences in bioavailability during oral administration, while reduced CLintH does not give rise to individual diŠerences during continuous IV administration. This discussion precludes simple calculation of an exact dose conversion ratio between oral morphine and morphine injection (continuous IV administration) and accounts for the variability encountered in the literature, including the 1：2 to 1：3 oral dose/continuous IV dose ratio reported by Hanks et al. 10) and the 1：6 oral dose/ continuous IV dose ratio reported by Foley. 17) It is, then, more appropriate to determine the dose conversion ratio between morphine injection (continuous IV administration) and the fentanyl patch directly through the dose of morphine injection (continuous IV administration) rather than through conversion from oral morphine dose to morphine injection (continuous IV administration) dose.
In the current study, the dose conversion ratio at which pain control was achieved after rotation was determined in subjects undergoing rotation from morphine injection (continuous IV administration) to fentanyl patch. Subjects with worsened renal or hepatic function were subsequently excluded from eligibility to minimize the impact of pharmacokinetic variability.
The results of the study showed morphine injection (continuous IV administration)/fentanyl patch dose conversion ratios of 28：1 for a 0.6 mg base fentanyl patch delivered dose (base patch dose of 2.5 mg), 43：1 for a 1.8 mg base fentanyl patch delivered dose (base patch dose of 7.5 mg), and 47：1 for a 3.6 mg base fentanyl patch delivered dose (base patch dose of 15 mg). The conversion ratio of morphine injection (continuous IV administration) to fentanyl patch thus increased with increasing dose. In contrast, the fentanyl patch (Durotep patch ) package insert recommends``conversion from an oral morphine dose of 90 mg/day (45 mg/day for suppository, 30 mg/day for injection) to a fentanyl patch dose of 2.5 mg/3 days (delivered dose of 0.6 mg/day)''. 18) This examination yields a uniform dose-independent conversion ratio of morphine injection (continuous IV administration) dose 30 mg/day/fentanyl patch delivered dose 0.6 mg/day＝50：1. The results of our study suggested that the fentanyl patch dose may be inadequate in opioid rotation from morphine injection (continuous IV administration) to fentanyl patch conducted according to the guideline in the fentanyl patch package insert in subjects achieving pain control at low doses. When the analgesic eŠects of co-administered drugs are contributory factors, the calculated conversion ratio is considered to be larger than the recommended conversion ratio. Therefore, there should be no impact of co-administered drugs.
This in turn suggests that a uniform conversion ratio calculated independently of dose, such as those in the studies on dose conversion ratios, 4, 5) may not always be appropriate, while the equivalent dose may in fact be required to be modiˆed in accord with dose. Issues with absorption of fentanyl patches, fentanyl and morphine pain thresholds, and development of tolerance to the analgesic eŠect of morphine may be contributory factors in thisˆnding, although further study into the underlying causes is required.
After rotation, none of the eligible subjects of the study required dose reduction or discontinuation due to adverse reactions, and pain relief was promptly achieved within 3 10 days after rotation to fentanyl patches. Accordingly, the obtained conversion ratio herein was thought to be appropriate from the perspectives of e‹cacy and adverse reactions.
The results of our study suggested that the fentanyl patch dose may be inadequate in opioid rotation from morphine injection (continuous IV administration) to fentanyl patch conducted according to the guideline in the fentanyl patch package insert in subjects achieving pain control at low doses. We believe that the adoption of the obtained conversion ratio will result in immediate pain relief.
Even in high-dosage subjects, the obtained value was nearly equivalent to the recommended conversion ratio, and therefore, safe and prompt pain relief would be possible.
Our study shed light on dose equivalence and conversion ratios in rotation from morphine injection (continuous IV administration), which is commonly overused in clinical practice, to fentanyl patch. The results of our study may improve patient QOL (quality of life), because they allow for more rapid and ap-propriate dose adjustment in opioid rotation from morphine injection (continuous IV administration) to fentanyl patch in patients with cancer pain.
